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SUMMARY 
To evaluate the effectiveness o f  NASTRAN for predicting the 
vibration modes of panels with bending-membrane coupling, a cross- 
stiffened ship's deck has been analyzed. In correlations with 
experimental data, one NASTRAN finite element representation gave 
results slightly more accurate th a n  a previous analytical solution. 
Computational time was excessively long due to the Guyan method 
o f  reducing the eigenvalue problem. It is recommended that a 
more efficient method of matrix reduction be implemented for the 
lumped mass formulation. 
INTRODUCTION 
In studies concerning the shock environment o f  surface ships, 
the dynamic behavior of decks is of basic importance. Studies 
(References 1 - 4 )  performed at the Naval Ship Research and Devel- 
opment Center have established that the shock response of a deck 
can be predicted in terms of the input motions of the deck pro- 
vided the modal characteristics o f  the deck are known. 
The classical approach used to analyze the bending behavior 
of stiffened decks has been to use the concept of an  equivalent 
orthotropic plate. After modification to include the effects of 
a few large, widely spaced stiffeners (References 3 and 21,  the 
orthotropic plate approach has been used to successfully predict 
the vibration modes of a cross-stiffened ship's deck. In addition 
(References 3 and 41, the effect of local mass loadings on the 
vibration modes of the deck model has been studied by incorpora- 
ting point masses in the modified orthotropic plate approach. 
The application of this type of analytical representation 
is limited, of course, to highly idealized mathematical models 
o f  realistic ship structures. For this reason, it is of interest 
to evaluate the effectiveness o f  general purpose Finite Element 
programs such as NASTRAN by correlations with previous analytical 
and experimental studies. 
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A s t i f f e n e d  d e c k  m o d e l e d  w i t h  t h e  f i n i t e  e l e m e n t  a p p r o a c h  
u s i n g  a c o m b i n a t i o n  o f  p l a t e  and b a r  e l e m e n t s  i s  c h a r a c t e r i z e d  by  
a c o u p l i n g  b e t w e e n  i n - p l a n e  and t r a n s v e r s e  b e n d i n g  d i s p l a c e m e n t s .  
T h i s  b e h a v i o r  i s  c h a r a c t e r i s t i c  o f  a number o f  o t h e r  p a n e l  
p r o b l e m s  i n c l u d i n g  c o r r u g a t e d  p a n e l s  w h i c h  a r e  among c a n d i d a t e  
t h e r m a l  p r o t e c t i o n  s y s t e m s  f o r  t h e  s p a c e  s h u t t l e .  F o r  t h i s  
r e a s o n  a l s o ,  i t  i s  o f  : n t e r e s t  t o  e v a l u a t e  t h e  e f f e c t i v e n e s s  o f  
NASTRAN f o r  t h e  p r e d i c t i o n  o f  v i b r a t i o n  modes o f  s t i f f e n e d  d e c k s .  
The p r e s e n t  p a p e r  d e s c r i b e s  a c o r r e l a t i o n  s t u d y  p e r f o r m e d  
u s i n g  NASTRAN t o  p r e d i c t  t h e  v i b r a t i o n  f r e q u e n c i e s  and modes o f  
t h e  1 / 4 - s c a l e  mode l  o f  t h e  c r o s s - s t i f f e n e d  s h i p ’ s  d e c k  s t u d i e d  
i n  R e f e r e n c e s  1-4 .  T h i s ’ s t r u c t u r e  was s e l e c t e d  f o r  i n v e s t i g a t i o n  
p r i m a r i l y  b e c a u s e  o f  a v a i l a b i l i t y  o f  p r e v i o u s  a n a l y t i c a l  and 
e x p e r i m e n t a l  r e s u l t s .  The s t r u c t u r e  i s  a l s o  o f  f u r t h e r  i n t e r e s t  
s i n c e  i t s  c o n s t r u c t i o n  d e t a i l s  a r e  r e p r e s e n t a t i v e  o f  a r e a l i s t i c  
s h i p  s t r u c t u r e .  Thus,  t h e  s t u d y  p r o v i d e s  i n s i g h t  i n t o  t h e  
e f f e c t i v e n e s s  o f  f i n i t e  e l e m e n t  m o d e l i n g  a s  used  i n  NASTRAN when 
a p p l i e d  t o  a p r o t o t y p e  s h i p  s t r u c t u r e .  
The s p e c i f i c  o b j e c t i v e s  o f  t h e  s t u d y  were  t o  p r e d i c t  
n a t u r a l  f r e q u e n c i e s  and n o d a l  p a t t e r n s  o f  t h e  mode l  d e c k  and 
c o r r e l a t e  t h e s e  w i t h  t h e  a v a i l a b l e  a n a l y t i c a l  and e x p e r i m e n t a l  
r e s u  I t s .  
The s t u d y  was p e r f o r m e d  f rom t h e  v i e w p o i n t  t h a t  t h e  a n a l y s t  
w o u l d  l i k e  t o  e m p l o y  a d e t a i l e d  f i n i t e  e l e m e n t  r e p r e s e n t a t i o n  o f  
a l l  d e t a i l s  o f  t h e  d e c k  c o n s t r u c t i o n  f o r  a c c u r a t e  p r e d i c t i o n  o f  
f r e q u e n c i e s ,  as  w e l l  a s  d e t a i l e d  p r e d i c t i o n s  o f  mode shapes  and 
moda l  s t r e s s  d i s t r i b u t i o n s .  M o r e o v e r ,  i t  w o u l d  be d e s i r a b l e  f o r  
t h e  c o m p u t a t i o n a l  scheme t o  g i v e  a f a s t ,  a c c u r a t e  p r e d i c t i o n  o f  
a l a r g e  number o f  modes i n  o n e  p a s s  u s i n g  an  e i g e n v a l u e  r o u t i n e  
w h i c h  p r o t e c t s  t h e  a n a l y s t  f r o m  o v e r l o o k i n g  modes.  The NASTRAN 
a n a l y s i s  was f o r m u l a t e d  and p e r f o r m e d  t o  s a t i s f y  t h e s e  c h a r a c -  
t e r i s t i c s .  The r e s u l t s  o f  t h e  NASTRAN a n a l y s i s ,  a f t e r  c o r r e -  
l a t i o n  w i t h  p r e v i o u s  r e s u l t s ,  were  e v a l u a t e d  i n  t e r m s  o f  t h e s e  
c r i t e r i a .  
STIFFENED D E C K  MODEL 
The mode l  s h i p ’ s  d e c k  s t u d i e d  i s  t h e  t o p  d e c k  o f  a 1 /4 -  
s c a l e  mode l  o f  a c o m p a r t m e n t  o f  a s u r f a c e  s h i p  c o n s t r u c t e d  and 
used  by  t h e  N a v a l  S h i p  R e s e a r c h  and D e v e l o p m e n t  C e n t e r  f o r  s h o c k  
and v i b r a t i o n  s t u d i e s .  The d e t a i l s  o f  t h e  d e c k  a r e  shown i n  
F i g u r e  1 .  The c e n t e r  p a n e l  o f  t h e  d e c k  b e t w e e n  t h e  t w o  i n t e r i o r  
b u l k h e a d s  was +he s u b j e c t  o f  t h e  p r e v i o u s  i n v e s t i g a t i o n s  r e p o r t e d  
i n  R e f e r e n c e s  1 - 4 .  The c e n t e r  p a n e l  i s  s t i f f e n e d  i n  t h e  t r a n s -  
v e r s e  d i r e c t i o n  b y  a l a r g e  number o f  c l o s e l y  spaced  s t i f f e n e r s  
and i n  t h e  l o n g i t u d i n a l  d i r e c t i o n  by  t w o  w i d e l y  spaced,  deep 
s t i f f e n e r s .  A t t e m p t s  were  made i n  t h e  d e s i g n  and c o n s t r u c t i o n  
o f  t h e  mode l  t o  p r o v i d e  c l a m p e d  b o u n d a r y  c o n d i t i o n s  a t  t h e  t w o  
e d g e s  o f  t h e  p a n e l  s u p p o r t e d  b y  t h e  i n t e r i o r  b u l k h e a d s .  The mode l  
was c o n s t r u c t e d  i n  a N a v a l  S h i p y a r d  u s i n g  f a b r l c a t i o n  t e c h n i q u e s  
r e p r e s e n t a t i v e  o f  p r o t o t y p e  s h i p  c o n s t r u c t i o n .  
PREVIOUS ANALYTICAL METHOD 
The c l a s s i c a l  a p p r o a c h  o f  r e p r e s e n t i n g  t h e  b e n d i n g  s t i f f n e s s  
of s h i p ' s  d e c k s  u s e s  o r t h o t r o p i c  p l a t e  t h e o r y .  T h i s  a p p r o a c h  was 
i n v e s t i g a t e d  i n  R e f e r e n c e  1 .  I t  was d e m o n s t r a t e d  t h a t  t h e  
p r e s e n c e  o f  t h e  t w o  deep l o n g i t u d i n a l  s t i f f e n e r s  l i m i t e d  t h e  
a c c u r a c y  o f  t h e  o r t h o t r o p i c  s o l u t i o n  t o  o n l y  a few l o w e r  modes.  
As an  i m p r o v e m e n t  o n  t h e  o r t h o t r o p i c  t h e o r y ,  t h e  f l e x u r e  o f  t h e  
l o n g i t u d i n a l  s t i f f e n e r s  was c o n s i d e r e d  s e p a r a t e l y  w h i c h  l e d  t o  a 
m o d i f i e d  v e r s i o n  o f  t h e  o r t h o t r o p i c  p l a t e  e q u a t i o n .  T h i s  
a p p r o a c h ,  t h e  S e p a r a t e d  S t i f f e n e r  Me thod ,  g a v e  good a g r e e m e n t  
w i t h  t h e  e x p e r i m e n t a l  f r e q u e n c i e s  f o r  t h e  EC-2 d e c k  f o r  up t o  
n i n e  h a l f  waves a l o n g  t h e  deep s t i f f e n e r s .  
The  d i f f e r e n t i a l  e q u a t i o n  d e s c r i b i n g  t h e  e i g e n f u n c t i o n s  0 o f  
t h e  s t i f f e n e d  d e c k  by  t h e  S e p a r a t e d  S t i f f e n e r  Me thod  has  t h e  f o r m  
where  t h e  e i g e n v a l u e s  A a r e  r e l a t e d  t o  t h e  unknown n a t u r a l  
f r e q u e n c i e s  w, b y  X = w 2 ,  I n  t h i s  d i f f e r e n t i a l  e q u a t i o n ,  t h e  
s t i f f n e s s  o p e r a t o r  L i s  g i v e n  by  
and t h e  mass o p e r a t o r  
I n  t h e  a b o v e  e q u a t i o n s ,  D,, H, D Y  a r e  t h e  o r t h o t r o p i c  p l a t e  
s t i f f n e s s e s ,  D y i  i s  t h e  b e n d i n g  s t i f f n e s s  o f  t h e  i t h  l o n g i t u d i n a l  
s t i f f e n e r  and a s s o c i a t e d  p l a t i n g ,  p i s  t h e  o r t h o t r o p i c  p l a t e  
mass p e r  u n i t  a r e a ,  p i  i s  t h e  beam mass p e r  u n i t  l e n g t h ,  and 6 i s  
t h e  D i r a c  d e l t a  f u n c t i o n .  
For t h e  b o u n d a r y  c o n d i t i o n s  o f  t h e  EC-2 d e c k ,  t h i s  e q u a t i o n  
was s o l v e d  b y  s e p a r a t i o n  o f  v a r i a b l e s  i n  t h e  fo rm,  
where  m and n a r e  i n t e g e r s .  Beam mode shapes  were  used  f o r  t h e  
Yn f u n c t i o n s  i n  c o n n e c t i o n  w i t h  an  e n e r g y  a p p r o a c h  t o  o b t a i n  
t h e  Xmn f u n c t i o n s .  These  r e s u l t s  a r e  t a b u l a t e d  i n  R e f e r e n c e  I .  
I t  may be  n o t e d  f r o m  t h e  f o r m  o f  e q u a t i o n  ( 4 )  t h a t  t h e  S e p a r a t e d  
S t i f f e n e r  Me thod  a l w a y s  p r e d i c t s  s t r a i g h t  n o d a l  l i n e s .  The 
r e s u l t s  o f  t h e  S e p a r a t e d  S t i f f e n e r  a n a l y s i s  w i l l  be  p r e s e n t e d  
l a t e r  f o r  c o r r e l a t i o n  w i t h  e x p e r i m e n t a l  f i n d i n g s  and t h e  r e s u l t s  
o f  t h e  NASTRAN a n a l y s i s .  
NASTRAN ANALYSIS 
NASTRAN F i n i t e  E l e m e n t  M o d e l s  
Two NASTRAN a n a l y s e s  w e r e  p e r f o r m e d .  I n  t h e  f i r s t  a n a l y s i s ,  
NASTRAN Mode l  3 ,  t h e  c e n t e r  p a n e l  o f  t h e  d e c k  was a n a l y z e d  f o r  
d i r e c t  c o m p a r i s o n  w i t h  t h e  p r e v i o u s  a n a l y t i c a l  p r e d i c t i o n s .  I n  
t h e  second  a n a l y s i s ,  NASTRAN Mode l  2, t h e  e n t i r e  d e c k  o f  t h e  
EC-2 d e c k  was r e p r e s e n t e d  i n  hopes  o f  o b t a i n i n g  i m p r o v e d  a g r e e -  
m e n t  w i t h  t h e  e x p e r i m e n t a l  r e s u l t s .  
The  f i n i t e  e l e m e n t  mesh f o r  t h e  t w o  NASTRAN m o d e l s  i s  shown 
i n  F i g u r e  2 .  I n  t h e  NASTRAN Mode l  I a n a l y s i s ,  t h e  i n t e r i o r d e c k  
p a n e l  was mode led  u s i n g  1 / 2  s y m m e t r y .  The d e c k  p l a t i n g  was 
r e p r e s e n t e d  w i t h  220 CQUADZ p l a t e  e l e m e n t s .  A l l  s t i f f e n e r s  
were  r e p r e s e n t e d  w i t h  o f f s e t  CBAR e l e m e n t s ;  240 b a r  e l e m e n t s  were  
u s e d .  The e n t i r e  d e c k  was r e p r e s e n t e d  a s  NASTRAN Mode l  2 u s i n g  
3 / 4  s y m m e t r y .  I n  t h e  NASTRAN Model  2 a n a l y s i s ,  143 CQIJADZ 
e l e m e n t s  and 132  CBAR e l e m e n t s  w e r e  e m p l o y e d .  E l e m e n t  p r o p e r t i e s  
f o r  t h e s e  t w o  m o d e l s  a r e  t a b u l a t e d  i n  T a b l e  1 .  B e f o r e  c o n s t r a i n t s ,  
NASTRAN Mode l  1 had 1265 d e g r e e s  o f  f r e e d o m  and NASTRAN Mode l  2 
had 840  d e g r e e s  o f  f r e e d o m .  
NASTRAN C o m p u t a t i o n s  
A l l  NASTRAN c o m p u t a t i o n s  w e r e  p e r f o r m e d  u s i n g  t h e  lumped 
mass f o r m u l a t i o n .  P r i o r  t o  e i g e n v a l u e  e x t r a c t i o n ,  r o t a t i o n a l  
and i n - p l a n e  d e g r e e s  o f  f r e e d o m  were  o m i t t e a  u s i n g  t h e  NASTRAN 
Guyan r e d u c t i o n  me thod .  E i g e n v a l u e  e x t r a c t i o n  was p e r f o r m e d  f o r  
b o t h  a n a l y s e s  u s i n g  t h e  G i v e n s  m e t h o d .  D e g r e e s  o f  f r e e d o m  a t  
each  s t a g e  i n  t h e  a n a l y s e s  a r e  shown i n  T a b l e  1 1 .  
P l o t s  o f  t h e  n o d a l  p a t t e r n s  f o r  t h e  NASTRAN a n a l y s e s  were  
o b t a i n e d  f r o m  a s e p a r a t e  FORTRAN p r o g r a m .  D u r i n g  e a c h  NASTRAN 
e x e c u t i o n ,  p r i n t e d  and punched o u t p u t  f o r  t h e  e i g e n v e c t o r s  was 
r e q u e s t e d .  A f t e r  e x e c u t i o n  t h e  e i g e n v e c t o r s  w e r e  c o p i e d  f rom 
t h e  p u n c h f i l e  o n t o  a t a p e .  T h i s  t a p e  was s u b s e q u e n t l y  used  a s  
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i n p u t  t o  t h e  FORTRAN p r o g r a m  w h i c h  c a l c u l a t e d  n o d a l  p o i n t s  by  
l i n e a r  i n t e r p o l a t i o n  b e t w e e n  g r i d  p o i n t  d i s p l a c e m e n t s .  N o d a l  
p o i n t s  w e r e  c a l c u l a t e d  b y  f i r s t  m a k i n g  sweeps a l o n g  l i n e s  
p a r a l l e l  t o  t h e  x - a x i s  and t h e n  a l o n g  l i n e s  p a r a l l e l  t o  t h e  y -  
a x i s .  The  r e s u l t i n g  n o d a l  p o i n t s  were  t h e n  p l o t t e d  u s i n g  a D O 1  
p l o t t e r  t o  y i e l d  t h e  n o d a l  p a t t e r n s .  
S i g n i f i c a n t  c o m p u t a t i o n a l  t i m e s  ii, v a r i o u s  m o d u l e s  a s  w e l l  
a s  t o t a l  t i m e s  a r e  t a b u l a t e d  i n  T a b l e  t i l .  A l l  c o m p u t a t i o n s  w e r e  
p e r f o r m e d  o n  LRC, CDC 6600 c o m p u t e r s .  A s a l f e n t  c h a r a c t e r i s t i c  
o f  b o t h  a n a l y s e s  i s  t h a t  a v e r y  l a r g e  amoun t  o f  t i m e  was r e q u i r e d  
t o  p e r f o r m  t h e  Guyan r e d u c t i o n s .  
D I S C U S S I O N  OF RESULTS 
C o m p a r i s o n s  o f  t h e  e x p e r i m e n t a l  and p r e d i c t e d  f r e q u e n c i e s  
a r e  g i v e n  i n  T a b l e  I V .  Measured  f r e q u e n c l e s  a r e  compared w i t h  
t h e  a n a l y t i c a l  s o l u t i o n  p r e v i o u s l y  d e s c r i b e d  and t h e  r e s u l t s  o f  
t h e  t w o  NASTRAN a n a l y s e s .  Measured  n o d a l  p a t t e r n s  a r e  compared 
w l ' t h  NASTRAN p r e d i c t e d  p a t t e r n s  i n  F i g u r e  3.  
The  NASTRAN f r e q u e n c y  p r e d i c t i o n s ,  o n  t h e  a v e r a g e ,  a r e  i n  
s l i g h t l y  b e t t e r  a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a l  r e s u l t s  t h a n  t h e  
a n a l y t i c a l  s o l u t i o n .  NASTRAN Model  1, w h i c h  has  t h e  same 
b o u n d a r y  c o n d i t i o n s  a s  t h e  a n a l y t i c a l  s o l u t i o n ,  h a s  an  a v e r a g e  
p e r c e n t a g e  d i f f e r e n c e  o f  8.58 whereas  t h e  a n a l y t i c a l  s o l u t i o n  h a s  
a n  a v e r a g e  p e r c e n t a g e  d i f f e r e n c e  o f  10.9$. The second  NASTRAN 
model, w h i c h  p r e d i c t e d  t h e  f u n d a m e n t a l  f r e q u e n c y  a l m o s t  e x a c t l y ,  
g e n e r a l l y  p r e d i c t e d  l o w e r  f r e q u e n c i e s  t h a n  t h e  e x p e r i m e n t a l  
r e s u  I t s .  
The  f a c t  t h a t  t h e  second  NASTRAN mode l  p r e d i c t e d  f r e q u e n c i e s  
w h i c h  w e r e  g e n e r a l l y  t o o  low may be a t t r i b u t e d  t o  t h e  s i m p l y  
s u p p o r t e d  b o u n d a r y  c o n d i t i o n  assumed o n  t h e  i n t e r i o r  b u l k h e a d s .  
The m o d e l  was d e s i g n e d  f o r  t h e  i n t e r i o r  b u l k h e a d s  t o  r e p r e s e n t  
c lamped  e d g e s .  The e x p e r i m e n t a l  n o d a l  p a t t e r n s  show, however ,  
t h a t  some r o t a t i o n  i s  p e r m i t t e d .  From t h e  s e c o n d  NASTRAN a n a l y s i s  
i t  may be  c o n c l u d e d  t h a t  t h e  b o u n d a r y  c o n d i t i o n s  a t  t h e  b u l k h e a d s  
a r e  m o s t  n e a r l y  r e p r e s e n t e d  a s  f u l l y  c l a m p e d  s i n c e  a s s u m i n g  
s i m p l e  s u p p o r t s  p r e d i c t s  f r e q u e n c i e s  c o n s i s t e n t l y  much t o o  low. 
The n o d a l  p a t t e r n s  p r e d i c t e d  by  NASTRAN Mode l  1 show good 
a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a l  r e s u l t s .  A l t h o u g h  t h e  a n a l y t i c a l  
p r e d i c t i o n  o f  n o d a l  l i n e s  were u n a v a i l a b l e  t h e s e  r e s u l t s  c o n s i s t  
o f  i n t e r s e c t i n g  s t r a i g h t  l i n e s .  NASTRAN p r e d i c t e d  n o d a l  l i n e s  
w h i c h  were  g e n e r a l l y  n o n i n t e r s e c t i n g  and c u r v e d .  
The  d i s a p p o i n t i n g  f e a t u r e  o f  t h e  NASTRAN a n a l y s e s  was t h e  
l o n g  c o m p u t e r  t i m e s  r e q u i r e d  t o  r e d u c e  t h e  d e g r e e o f  f r e e d o m  p r i o r  
to eigenvalue extraction. In the NASTRAN Model 1 analysis, the 
Guyan reduction required approximately 3000 CPU seconds out of a 
total of 5300 CPU seconds. Of the 3000 seconds required in the 
Guyan reduction, over 70% of the time was required in reduction 
of the mass matrix. 
One of the reasons that NASTRAN was relatively inefficient 
in the present analyses is that no attempt is made to take 
advantage of the lumped mass formulation. Considerable time- 
savings would have been accomplished if a distinctlon was made 
between the reduction used for the lumped mass and consistent 
mass formulations. For a considerable number of vibration 
problems (see Reference 51, the gain in computational efficiency 
offered by the lumped mass formulafion more than offsets advan- 
tages of the increased accuracy and bounded nature of the con- 
ststent mass formulation. 
CONCLUDING REMARKS 
To evaluate the effectiveness of NASTRAN f o r  predicting the 
vibration modes of panels with bending-membrane coupling, a 
cross-stiffened ship's deck has been anal-{zed. A fine mesh of 
beam and plate elements was used. To obtain a large number of 
modes and to insure that all modes were obtained, the matrix 
eigenvalue problem was reduced by a Guyan reduction and solved 
by the Given's method. 
for one NASTRAN finite element model, the matrix reduction 
for the stiffness matrix required about 850 CPU seconds, and the 
mass matrix reduction required about 2200 CPU seconds. The long 
computational time was required because of large matrix multipli- 
cations in the Guyan reduction. 
In correlations with experimental data one NASTRAN finite 
element model was slightly more accurate for frequency predictions 
and nodal patterns than a previous analytical method. Agreement 
with experimental results was good. 
it can be concluded that NASTRAN was effective in meeting 
all of  the evaluation criteria with the exception of computat- 
ional time. Excessively large computer time was required because 
of the Guyan method of reducing the mass matrix. It is 
recommended that the NSMO consider investigating and implementing 
other more efficient methods of mass matrix reduction for the 
lumped mass formulation. 
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C o m p u t a t i o n a l  T imes f o r  NASTRAN A n a l y s e s  
1 
O p e r a t i o n  ( M o d u l e )  
G e n e r a t e  S t i f f n e s s  M a t r i x  
( S M A  I )  
G e n e r a t e  Mass M a t r i x  
(SMA2 1 
Impose SPC ( S C E I )  
R e d u c t i o n  o f  S t i f f n e s s  
M a t r i x  (SMP I )  
R e d u c t i o n  o f  Mass 
M a t r i x  (SMP2) 
E i g e n v a l u e  E x t r a c t i o n  
(READ 1 
E i g e n v e c t o r  Recovery  f o r  
T o t a l  CPU f o r  Above O p e r a t i o n s  
T o t a l  CPU f o r  a l  I O p e r a t i o n s  
T o t a l  PPU f o r  a l  I O p e r a t i o n s  
25 Modes (SDRI) 
I 4 5 3  
249 
4997 Seconds 
5344 Seconds 
3260 Seconds 
CPU Time ( s e c o n d s )  1 
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I18 
1534 Seconds 
1674 Seconds 
927 Seconds 
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Figure 1.- Cross-stiffened model of ship's deck. 
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